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In this research, we developed a game-based learning system for martial arts with the aid of Kinect 
sensor, stressing the importance of providing the player with immediate feedback, clear goals and 
challenges that are matched to his/her skill level. Game-based learning system often involved the 
process of gamifying an existing knowledge learning system, which is a very difficult task due to the 
complexity of game concepts itself in addition to the on-going debate, yet to be determined underlying 
values that contribute to flow acquirement. Our idea is to get player to have fun with physical game, if 
possible, learn some real martial art skillsets from it. Hence, we have posited another plausible way, 
which is to edify an existing exergame system by add-on physical skillsets as part of the game 
challenges without obstruction to the game harmony. We have compared both wearable sensor 
(TSND121) and Kinect sensor for its suitability for body area network device. Kinect sensor was found 
to exhibit the features of no latency, high accuracy, affordability, ease of programming, on top of the 
controller-less and unobtrusive feature over wearable sensors. Hence, we are convinced that Kinect 
sensor is a more suitable sensor for body area network device.  
 
We have identified five important elements that make up a good game based learning system. Mainly, 
high accuracy to ensure smooth interaction between the player and the system; goal oriented for player 
to work towards a goal, learn and practice the right way; virtual reality is important to make a system 
that look and feel familiar and relevant to core subject; a system with no latency to provide immediate 
feedback; and the game concepts that contribute to state of flow.  
 
From a hardware perspective, the system consists of a Kinect sensor, a PC, and a screen display. We 
have utilized programming tools including Xcode to implement the logics and Quartz Composer to 
render the graphic effects. As a big picture, the system was developed with Synapse1 application to get 
the input data from Kinect sensor, the joint point information is then sent via qcOCS2 to Quartz 
Composer. Figure 1 shows the high-level architecture presentation of this system. 
 
                                                
1 http://synapsekinect.tumblr.com. 
2 A plugin for Quartz Composer to receive Open Sound Control messages using UDP protocol. 
Figure 1. System architecture. 
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We have conducted an experiment with this game-based learning system in a Japan University on 6 
participants aged between 22 – 26 years old. We have given all participants the instruction of “Please 
track and punch the stone (obstacle) as many as 30 times within shortest timespan as you can”. All 
participants have the freedom to choose to play the first game with or without punching gloves and the 
opposite for the second game.  
Figure 2 presents the experiment results for 30 successful hits on obstacle 
 
The results revealed that Kinect sensor’s user detection rate was promising. It’s no latency feature and 
high accuracy detection rate, on top of it’s controllerless feature to replace wearable sensors convinced 
us that Kinect sensor is a very useful body area network device for physical game-based learning, 
training or exergame. We foresee it’s importance and potential huge contribution to physical game 
based learning system with its easy setup inherent quality.  
 
We have posited another plausible way of designing game based-learning system. Instead of mimicking 
game by gamifying an existing learning system with complex game mechanics, we proposed the other 
way round, which is edifying an existing game system by adding in education elements. It can be done 
by add-on rules and learning concepts as part of the challenges in game model. The same design model 
can be extended and apply to other sports such as tennis, golf, basketball, baseball and etc. In fact, it’s 
not limited to sports only. Kinect sensor’s ability to accurately extract human body joint points 
information can be applied to all type of activities that emphasize on posture and body axis. 
 
The “Enclothed Cognition” effects from the punching gloves have exceeded our expectations. Provided, 
punching gloves did not bring negative impact to Kinect sensor’s performance, never cause latency into 
the system and did not bring confusion to the players. We posit that bringing real-world tools such as 
real golf club, real racquet, baseball bat and etc into game will boost up the augmented reality effect as 
well as triggers associated abstract concepts and their symbolic meanings to the players. This can 
potentially enhance the game experience as well as boost the learning values in a game.  
We hope that more edified games will be available in the future, and one who scored perfect in the 
virtual tennis game can score well too in a real tennis match. 
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Figure 2. Experiment Results. 
 
